124 B3 wm 1t 5 M @ Vol. 12, No.3

1981 £ 5 f OCEANOLOGIA ET LIMNOLOGIA SINICA May, 1981

HERPERRASNINE

2k ¥XZ& EHWE

(P EMFEEREFTFED)

WWEERT 1883 FEHIRHKEE LS Stanford"? MEAR B§H7 (Laminaria digitata) [
REVBEIHY, 1929 48, Nelson P JESCBERAVHR AL ) D-H B BEEEER, Mit, Af]
—EI\N D-H BB R AERNME—H . 1955 42, Fischer FYW F4RENTEE R
SEMRBEBR TR D-H BEEEEN HAE L-H P BEERRNO R EER, HE Whisler
EWIPL R Hirse FVHEAEL THREB R E L-H B BEREE,

BB YIRS T B AR B BURBITEER . AW T RS SR A H
BEREREE: (M) Ry B REREE: (G) AYELME M/G B M,

Harrison %% D) J¢ Pauick " BPURR M/G LLEREEREEPIE 4 R DL sr B3
YIETFR AL, R I G & B E MR ERR AR E Bk st £ h P TH L N AR I

RESERTVEETERBYLLR, =RE EHNATES HR. EHT LS
& Ho HRXRTHEBRIAS SHRXR, W R BHR. ATFRXFEIE, &%
MERERERBERSMAGHS IR .

AL, BAFIEIEREER, NOMEERBTMEERERTEEEB R NENS
TV E B A LA REH&E EAERGE, FREIEE DR REAROREIR
/b, R Fischer E"W MM T Hifl & 5, (AR EE R, FEHB, R5E RN NE

=1 [6]
%EB[ °©

AIURFH Fischer 5" HARRENES SMEEREREN %, TEET
Haug™® & ARERIES ST 07 85, RS TR IR S BB AR B PE IR 2 IR AR AL TR IS B
EINERE RO T 15, BB T HRIE R, BS M Dubois W JIE AT~
KEbak, NUEEBRILGREET L ENEE, 23LRFE T NERERH
MFIGRE R K M/G LB o

BHITET MAT G LB KR 13 72 R AU BREL 3¢, DU Fr Bl S R PE T W B IE,

5C Wy ok
1. B & K@Y
FRER 50 250t B S, BB L UK AT, A 0.5 = 80 %H,SO,
B, Z/ CRMIET 20°C) KR 18 /N, FEAEVKKER R TMA 6.5 ZF-ZEEA, & HSO,
WEEA 2N, FHEHARE, TiKhnivkids /M, RABKKBIEERE/EK

* hEMERSEMAFTEERRREH 611 5,
AVmEBRERE R . 198041 A 25 B,



38 LBIRE. WERBRTERERA S E 241

B, RIS B AY CaCO; HRAD, HilES, FI/KBEHR EMR AR A FKREAI =M, FHD =58
[

2. BERNSE

¥ Dowex 1 X2 BIESTHIR (200—400 B) AAMKERREKEEAR, BA
28 X 2 ERAVBEBENTEE R, L 10%NaOH RIRAEM IR # R oH- &, HH 2N
CERMBEN B E R EREBRA, &G 0.5N LD HEt.

KB IRAE EAERT, W0 0.1V NaOH ¥ iAY pH [HZ 8 24, BN/, K
BWHENEE T B RS, KBBRELE, B 17 05N B 2N LR 03 27/
Sy HOME IR FEAT SR M R B BRI, BE B B0 2 M SR 38 (LIS IR BR+) 7, BIQ-74-2 )
I, BEREY 10 BH, HSIEHKRRE, WIEH 05N JERFEI#E, TEEE
Ho BERREMEM 10 E 20 Ko

3. BN EMEE

HAREBEBREMNSEZERR 0.03 BF BB, LITFHNER L. 475, B
B, F 105°C JERE R 5 45, AaARERROERE, ENREEEA. REIR
B AR, MK DM RARS, I—HA G P EER, B HBEEE
B9 MEDERARNLE, ¥RERRIOEERE D BIEHE—&, NEER, #Tka
RS

4. LLERERNSRITR

HEHERAEERNNK 227, EAER 2 EXNRZEXE B, MA 00427}
80 % ZREIEIK, IS, B 50°C KB HRER, BulmAKREE 5 2T (HEEA, RIEEER
T)L,HE BB 10 5L ROEH, WE 20 FHEE 72 Bt Ert E (F 485 ZReK
Yk, 1 EREE G, H L IN 2N IR AE= AEBORTHL &, NRITEMmERE
B 1 EARRPRERR SR, L TE N M/G LLE:

M/G =-Mv X Mc
Gv X G¢

sk, My, Gv: 233004 H BRRERERR TN PR EER 9 e DL R BT
Mc, Ge: 5144 | BTERKA & BRERBNS PEERNE(ER);
0.68: JKFRIS WIREERL A BE IR L B R IE R B

SRERRESRNHIS0T (g

W4 RBEERY, UHOKIRATS 80% HBRIEK 40 ZFREE, 20°C K 18 /N,
KB YIETEUR KIS H R INARAK 520 B, (IR IREE N 2N, SREET K thEIRAK R
5 /N o 1% JE RS 1T B ROBRER 5 vh R, S, Bhiko IRIRIRIEIRSEELY 100 ZFt, 0 2 i
BB, IR RK BRI A D B 0.5N SE LA I oH 2 8, & i,

¥ Dowex 1 X 2 BESTFHIEEA 50 X 4 EORMIBABENTED, WATR: ELEE
CEER, RIBHRWAL T BK IR AR, PL 10 F+ 0.5N—2N WO BT B SN, ok
S8R/ N B B B — K, B 120 AR, A EREEREEREE. K& M
1 G HEHBEBIE S B G H A BE D, SRIBERE, KREZ/NMER, 1 30 BFKTR
J&, B BB TR B R T, BUER G B R, 0 30 BF CEEM, BRERSEE
MR, MERE 2—3 K, BIBEEREEZE 0.00IN DITF, ZEERRR, 30 BAEKE

X 0.68



242 ®# ® 5 #W # 12 %

7f< HmDBRBE T (OH™ B, LR ZRBRWEENRENIET (AgNO RET
" KBi)o IEMIREFRERE, 1 0.5N NaOH HERILE pH 8 K45, B EH¥ /N
if, S NER AR (LR e AR EIRER

0.87 . IR F AR T A B S B B 5 S s M b B
0.6} B, R—ERIREK, DIBBEKIETERA, A 01N
" 2 NaOH HFREEL N, MibeEi s hEER
R0.4}

&

/ H"J@Eo

////. BRI 10 SR BN E 7, BA
— 100 SR BB, T 50 55 2N 2.8, LIS

KABEME, WA IV ZEHEES 100 2

0 40 80 120 160 200

MRS MK BE () TFEEEER,
E1 i BREEE () il BRE WA BB AR R A TR K & 1 2
(M) B TEdhisR R B SR AL, LT 2 Bl TYEd4R R4
1. G 2. M, & B M A G bR AE TR 0.4, 0.8, 1.2, 1.6 F1 2.0

ERELERET, In 1IN Z,@z?l*%iﬁ-ﬁi%}]\%ﬁ@ 2 EFF, 85, i LR B E S BNR E,
KENSRSBIZH MG IIELZE 1,

. LR EHS
(—) PERETR bRBA IR A Al

BB A A AR E, AR NOH BB wmBBmIKE, JRERERET
B, TERER IR, A R R B,
AT B NaOH HUishs B H B 45
TR, A BT T e R
— R K

S T 0 e IR 1 0 P e 5 R e 2
4TSN , SRR 4558 B Mo TR R B IR, DB
BTG, XA AERIRE, BE%R
BTRS T BHISTR AR, BRJCZET NaOH T RRERY
T, 0 A B3 BSF- B (OH™ 20) B AT A e o 0 0

Vel WREESL, R AAEWHT, TG / 0
NaOH (L pylRRT, BIRIT-854 AR, 8
P B 40 S T TR RO R R L3 0 8 2,
BT Dowex 1 X 2 PABST M IaR A4 BRI F-10 ——
b A TSR, LA T IR
IR I, BRI BB T — 6B %
(AgNO; RET CI- KAL), Mot e T I mmR b M2 R AR AT
AT A R 1G5 2 My 2R M

i R BB RO RRERE R, FIR AT S AEIRE b R L — B




33 LRGES: WERTEERASHINE 243

R o B HERERREY R 20 038, HERREREER) 0.42, MRHA—UI LR AREHRE
B, R RERA TS BOR A4, B R e bratt, B4k giatiib (B 2),

SR UERT, R M PEBUR E ) % O B RE B AR IR IR , B R b H BE B BR VR4S R D
AR L R B — Bt B4R (R D, RIINENGEEMEEN,

£1 TRHFEHEREANREE(ELILR

R
Hm BAE 40 % 80 2% = 120 @ 160 200 %3
BRLEE
M, 0.094 0.202 0.285 0.373 0.468
M, 0.099 0.195 0.292 0.378 0.472

M, — W BRE RS A BRI IER,
M—HHBHERARERD RO BEERFERRK.

() FRIFM T PERE IR R B AT 4 B AR
KW OEREERNZHRMKRE, R ERLBHERTERITY N, TRERKN
T ARBLE 507 2 643 BI 2K 136 BFER S L FHRER, JBMIKREEH L8N &
131N BB AR E 651 & 810 BHZAIN 159 BFHAR S H R BER, JBK
EH 131N £ 154N, HE 3 WELE, WEBRERNSEZRRIE, 5 Lasen AT
BEEEAHER, AXE AIL ARMNBRERM (Manucol SS/LM) Kig. BT, R4
LR PSR ER, AASE 3 HY &

200F
i~
™ 160} 2.0
! 1 2
P g
120 | -~ il
: 3
% B0f _--- 1.0 N
&
= 40

500 540 580 620 SESO 700 740 780 800

P g
B3 CERBEBiE S C IMBIRES &
1.G; 2. M,

(Z) PEREERAESRIER/KAR T L
BRI SRR KR , KRR L R E RS, BIHE Rt £ JERER

1) B2 RES %,



244 B B 5 # & 12 %

SESHERTERRLER,

F&E GRIME 30 ZIAAMAREE B E R EHIOR, F LR HEET KR 4
F80 ZERERZ IR /K AR 18 /NG, KR BB IR, AR K MBI E 2N KB, B
Wl KEAEHKHRAKRE S MR, KREPRIADBFCERY, BIRERC, DRE
BB —EREN. A TIEGH M FREEERRRIRL 38, ¥ WY SRS B /K R i 2
PHEATEEIT B B4, B R BB R R Ik 2 iR,

Rz BEEREXEIEBHEKE

FRERLER KESIERESE L i & M/G ¥ 5 M/G
(&%) (ZR) (%) B4 b B [E]ledai-]
M 30.14 19.89 66.0
® — % 1.45
G 30.36 13.80 43.5
1.46
M 30.14 21.24 70.5
® K 1.47
G 30.36 14.50 47.8

3 2 555, GBI B AT M, 8 M/G EULLE% 146, i, e
(9 M/G B 5T B E R B ﬁg (B 0.68) EFFRSIE, HAES Haug 5 U Z %K 0.66
EAAA

(M) bt & &

Dubois 5 & FIZEE SRS B IE T &M AVEES, BI28TRE F BRI KO
. ERALIIERE P ERENTEERROAGILETRE, FHit, AXHEXH
iR EL AT TR AU AR B RO TE VBRIR I AR BE R 2 B M S AT T SRR

LE¥XBRAE

T 2 28 100 BOTREBRINEE T, 2 3IAAR R BRZER, ¥ BIREL @ 5 HR

0.5
0.4
S 0.3)
=
EE
20,2
0.1¢
U I A - 1 4 A A
16 32 48 64 80 96 112
MR (ER)

H4 ABRAETNENREEIER
1. G100 38> 2. MUDOREE); 3. HILBEEEE (50 ROV B,



3 13 LRES: BERBREERASNE 245

KE, mE 4 FR, N FERRNERARE I EBERZAREGEES, U3z E
R EARR, WHERBRNERAR, M 32 E 80 ERIBEERNTRIEAHEAN

WREE, XG— Rl BRI TR 32 AR 1
X BE AR, 0.5 :
2. Wi ol

Wl s R, HEERROERRED AR

BRI 484 BOOKML: WML 486 & 3 ;
BokAt, FIMGHAYIE, BT H— @I BM 485 2,
BHK A BB BB Ko
3. JEA AR "
REOMAZENRRENS AR R ERE e
Ko TRE BN ERBREIEMA L BERIT, % BK R

hER, ARTRARE; WRARRLERESZEN B5 HEREREERORIIE

M BARS, KRR, B ERTE, HERE ! G 2 M 3 2AEER(FLR).

AMER RN, RESMARRBRELESREEBRREGNH, S0REREFEDS

W, ZRAEZRBANEL ERFAEAY. Hit, BEXNBERMYEHRK (& 3.
£33 WEIAREMNEEHEE

wO®B om A OE E BERSE ® % B

HHREHE (5 =I/S5 B A 50 2% = 0.176, 0.169

& REEE G 2F/50 ) MA 50 f 3 0.145, 0.144

WEESE CBH/60 7)) A 50 % &= 0.094, 0.050
1. REHENIEEN

BERYFELERE, KAATRBELRN RN, BB 10 /NP, REES
% H T (B 6)o ‘

0.5f T ..
0.4
3 0.3 A !
& e
=02 :
0.1
0 .
5 10 15

RO (gt
Be BaEkERERBNRIEENENR
1. Gy 2. M; 3. FABEE(ELRE).



246 #® ®* 5 W # 12 %

(1) JLFBHERME M/G LLE

A ERGWSBENE T JLMEEAR RN M/G LhE, FHRUBIEE 0.68 (&
4)o
#4 JLEIBREVIREERY M/G LL*

% f E 34| i % b e M/G
MM E# (Sargassum hemiphyllum) 1.06
B LR E (Sargassum siliquastrum) 1.13
b # (Laminaria japonica) 2.01

* BEBARBHAF,
= % i

1. [ Fischer /KR B0 WERBR BT KR, R AR T MR , DICRRERRE Bk
Bio CERGEDIIKAARIKGE AL Rk B PR TR AR 52 IE e o & BEEE e fn
H B EREBR R IR I, R3] T AR R BB BV 1, DAL A BURIME T TR &R, A E
BT H&ESEDEMET.

2N ERG, MERB R JRRIR . MBREE., BRRNREESEET ALK,
WE T bR IERMo

3. WE T HAZBERKFGEEBROBIALLE, G>M, ¥ M/G REIRIEY
146, BIMEH M/G 2T AREL 0.68 FIUKIE,

4. ABER S B LB BIE T/LME R SRE KRN M/G L,

2 £ X ®

[1] EHRE, 1951, BFTW, (LHEE, 2T HEL, 19614

{2] Aut R. G, W. N. Haworth and E. L. Hirst, 1935, Preparation of d-mannuronic acid and its
derivatives, J. Chem. Soc. 517—518.

[3] Dubois, M, K. A, Gilles, J. K. Hamilton, P.A. Ribers and F. Smith, 1956. Colorimetric nie-
thod for determination of sugars and related substances. Anal. Chem. 28: 350—356

[4] Fischer, F. G. und H, Z. Dirfel, 1955. Die Polyuronsiuren der Braunalgen (Kohlenhydrate
der Algen I1). Hoppe-Seyler’s Physiol. Chem. 302: 186—203.

[5] Harrison, G. E,, E. R. Humphreys. A. Sutton and H. Shepherd, 1966, Strontium uptake in rats on

. alginate-supplemented diet, Science 152: 655—656.

161 Haug, A. and B. Larsen, 1962. Quantitative determination of the uronic acid composition of algina-
tes. dcta Chem. Scand, 16: 1908—1918.

[ 7] Hirst, E, L. 1958. Polysaccharides of the marine algae., Proc. Chem. Soc, 1958: 177—187.

8] Larsen, B and A. Haug, 1961. Separation of uronic acids on anion exchange columns, Acta Chem,
Scand. 15: 1397—1398,

{9] DNelson, W. L. and L. H. Cretcher, 1929. The alginic acid from Macrocystis Pyrifera. J. Amer.
Chem. Soc, 51: 1914—1922,

[10] Nelson, W. L. and L. H. Cretcher, 1930. Isolation and identification of d-mannuronic acid lae-
tone from Macrocystis pyrifera. J. Amer. Soc. 52: 2130—2132.

[11] Niemann, C., R. J. McCubbin and K. P. Link, 1934. Synthesis of the hexuronic acids V. The
synthesis of I-mannuronic acid from Il-mannosaccharie acid. J. Biol, Chem. 104: 737—741,



3 3 LPRS: BERTPEBRASNWNE 247

[12]
[13]
[14]
[15]
[16]

[17]

Partridge, S. M., 1949, Aniline hydrogen phthalate as a spraying reagent for chromatography
of sugar, Nature 164: 443,

Patrick, G. T., E. F. Carr and E. R. Humphreys, 1967. Inhibition by alginates of strontium
absorption in vive and in vitro. Inst. J. Badiat, Biol, 12: 427—434.

Smidsré¢d, O. and A, Haug. 1968. Dependence upon uronie acid ecomposition of some ion-exchange
properties of alginates. dActa Chem, Scand. 22: 1989—1997.

Stacey, M. and P. I. Wilson, 1944, Synthesis of uronic acids, Part III. d-Mannuronic acid. J.
Chem. Soc. 1944: 587—588.

Stanford, C. C. 1883. On algin: a new substance obtained from some of commoner species of
marine algae. Chem. News 47: 254—257.

Whistler, R. L. and K. W. Z. Kirby, 1959. Notiz tiber die Zusammensetzung der Alginsiure von
Macrocystis Pyrifera. Hoppe-seyler’s Physiol. Chem. 314: 46—48.



248 ® ®# 5 # & 12 %

DETERMINATION OF URONIC ACID COMPONENTS IN
ALGINIC ACID*

Ji Minghou Cao Wenda and Han Lijun

(Institute of Oceanology, Academia Sinica)

ABSTRACT

The present paper deals with the methods of preparation and determination of
mannuronic acid and guluronic acid in alginic acid with reference to Fischer’s hydro-
lysis condition and Haug’s fractionation method, and with some improvements.

The standard curves of two uronic acids were prepared as follows. 4 g. of sodium
alginate were hydrolyzed with 809 H.SO, for 18 hrs and then with Nn H.SO, at 100°C
for 5hrs. The hydrosyzate was allowed to pass through a column of Dowex 1 X 2 anion
exchange resin in acetate form and was fractionated by a gradient elution with acetic
acid (0.5—2 N) (Fig. 3), containing 120 ml of eluate in each fraction. The eluates
showing two uronic acids after identification by paper chromatography were combined
in two portions. Each portion was evaporated under diminished pressure, submitted
to a column of cation exchanger, and evaporated again to eliminate the trace of acetic
acid. A small amount of anion exchanger were added to the syrup solution to remove
the color and the residual anions. The solution after adding an excessive amount of
NaOH solution to transform uronic acids into Na salts was passed through a column of
cation exchange resin. A definite volume of effluent was titrated with NaOH solution
to determine the contents of two uronic acids, with which the standard curves were
prepared.

Various colorimetric conditions such as the amount of phenol used, the wavelength
of absorption, the velocity of the addition of acid and the stability of developed eolor
were ascertained as well. (Fig. 4, 5, 6; Tab. 3).

The destroying ratio of M/G was determined as 1:1.46, so the M/G ratios obtained
were calibrated by multiplying the correction coefficient 0.68. (Tab. 2).

Sodium alginate samples from different species of Chinese brown seaweeds were
treated by acid hydrolysis, absorption on resin, elution with acetic acid and fractiona-
tion, and their M/G ratios were determined by colorimetry and calculation from the
standard curves (Tab. 4).

*Contribution No. 611 from the Institute of Oceanology, Academia Sinica.



